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ABSTRACT
It is very difficult to estimate litter decomposition
rates in natural ecosystems because litters of many
species are mixed and idiosyncratic interactions
occur among those litters. A way to tackle this
problem is to investigate litter mixing effects not at
the species level but at the level of Plant Functional
Types (PFTs). We tested the hypothesis that at the
PFT level positive and negative interactions balance
each other, causing an overall additive effect (no
significant interactions among PFTs). Thereto, we
used litter of four PFTs from a temperate peatland
in which random draws were taken from the litter
species pool of each PFT for every combination of 2,
3, and 4 PFTs. Decomposition rates clearly differed
among the 4 PFTs (Sphagnum spp. < graminoids
= N-fixing tree < forbs) and showed little varia-
tion within the PFTs (notably for the Sphagnum
mosses and the graminoids). Significant positive
interactions (4 out of 11) in the PFT mixtures were
only found after 20 weeks and in all these combi-
nations Sphagnum was involved. After 36 and
56 weeks of incubation interactions were not sig-
nificantly different from zero. However, standard
deviations were larger than the means, indicating
that positive and negative interactions balanced
each other. Thus, when litter mixture interactions
are considered at the PFT level the interactions are
additive. From this we conclude that for estimating
litter decomposition rates at the ecosystem level, it
is sufficient to use the weighted (by litter produc-
tion) average decomposition rates of the contrib-
uting PFTs.
Key words: Additive effects; Decomposition; Lit-
ter production; Moisture effects; Peatland; Species
identity effects; Sphagnum.
INTRODUCTION
Litter decomposition provides the main source of
nutrients for biological activity in almost all ter-
restrial ecosystems. During the process of litter
decomposition, dead plant material is broken down
into inorganic forms of carbon and nutrients and
stable organic matter (Parton and others 2007). The
litter decomposition rate is closely linked with
important ecosystem attributes such as productiv-
ity, plant species composition, and food-chain
dynamics (Grime and others 1996; Aerts 1999;
Cornwell and others 2008), and an in-depth
understanding of the determinants of litter decom-
position rate will greatly contribute to under-
standing the functioning of terrestrial ecosys-
tems. Moreover, litter and soil organic matter
constitute an important carbon store at a global
scale and decomposition of this organic matter
provides an important feedback to atmospheric
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CO2 concentrations (Gorham 1991; Sitch and oth-
ers 2003; Krinner and others 2005).
Litter decomposition studies have very often
dealt with the decomposition of single-species lit-
ter, but most terrestrial ecosystems contain multi-
ple species of plants and so the litter layer is in most
cases comprised of leaves from a number of species.
As a consequence of litter mixing, the decomposi-
tion of a given litter type may be influenced by the
presence of other litter types. Mixing litter can
either accelerate or decelerate decomposition and
differences between observed and expected mass
loss of 20–30% are not uncommon (Montagnini
and others 1993; Wardle and others 1997; Ander-
son and Hetherington 1999; Hoorens and others
2003; Gartner and Cardon 2004; Ha¨ttenschwiler
and others 2005; Ball and others 2008). Interaction
effects may be caused by chemical interactions
between the component litters or by changes in the
micro-environment in which the litter is decom-
posed (Hector and others 2000; Hoorens and others
2003; Madritch and Cardinale 2007; Schimel and
Ha¨ttenschwiler 2007). Several studies found that
litter mixtures decompose faster than expected
when the component species differ in their litter
nutrient concentration (Wardle and others 1997;
Quested and others 2003). In this case, the rela-
tively high amounts of nutrients in one of the litter
types could stimulate the decomposition of the
other litter in the mixture. It is hypothesized that
these nutrients are transported from one litter type
to another by diffusion through a water film and/or
actively transported through the hyphae of fungi
connecting the different litter types (McTiernan
and others 1997). Negative interactions occur (for
example, Wardle and others 1997; Robinson and
others 1999; Hoorens and others 2003) when for
instance one of the component litter types contains
high amounts of secondary compounds, such as
phenolics. Phenolics may slow down the decompo-
sition of litter mixtures in several ways. Polyphen-
olics, such as tannins, form resistant complexes with
proteins (Ha¨ttenschwiler and Vitousek 2000).
Tannins not only complex with digestive fungal
extracellular enzymes, but probably also affect the
structural and/or enzymic proteins within the
hyphae, thus directly inhibiting microbial growth
and activity (Schimel and others 1998). Polyphenols
also complex with proteins, which may occlude the
N into complexes that are unavailable to decom-
poser organisms and consequently slow down
decomposition (Ha¨ttenschwiler and Vitousek 2000).
This implies that if one species in a mixture contains
large amounts of phenolics, this could slow down
the decomposition of the entire litter mixture.
Currently, there is consensus about the fact that
these interactions are not driven by litter species
richness by itself, but by the composition of the litter
mixture, that is, the specific effect that a species has
on its ‘neighbor’, that is, by species identity
(Ha¨ttenschwiler and others 2005; Ball and others
2008). In general, these interactions mainly occur in
the initial stages of litter decomposition, when
chemical interactions are most likely to occur
(Ha¨ttenschwiler and others 2005).
As a result of the importance of litter identity for
litter mixing effects, it is very hard to predict for
natural ecosystems, where litter of many species is
mixed, what the litter decomposition rate for the
entire ecosystem will be. This poses real problems
for ecosystem modelers as it is impossible to predict
at large spatial scales, where information about
species identities is missing, the overall decompo-
sition rate (compare Sitch and others 2003; Krinner
and others 2005). This has important implications
for the accuracy of the carbon balance modules in
Dynamic Global Vegetation Models (DGVMs). A
way to overcome this problem is to consider
decomposition rates at the level of Plant Functional
Types (PFTs). The concept of PFTs has been com-
monly applied to model the effects of plant traits on
ecosystem processes, because of the need to reduce
the complexity and diversity of real ecosystems.
This is usually achieved by grouping species into
more convenient (that is, smaller) number of units.
This grouping is based upon the notion that many
ecologists believe that the essential information on
the plant-mediated controls on the functioning of
ecosystems can be captured by grouping plant
species into PFTs (for example, Chapin and others
1996). Some species respond in a more similar way
than others, that is, are functionally similar with
respect to the variable studied, and hence can be
grouped together for the purpose of modelling.
Once plants have been grouped together into PFTs
according to the plant trait that is studied, infor-
mation at the ecosystem level can be derived from
the relative contribution of each PFT to total eco-
system plant biomass.
The concept of PFTs has also been used to study
plant litter decomposition. Several studies found
that differences in litter decomposability corre-
sponded well with an a priori distinction of PFTs
based on traits of live plants, but the overlap among
PFTs was considerable (for example Cornelissen
1996; Pere´z-Harguindeguy and others 2000;
Quested and others 2003). However, for accurately
modelling plant litter decomposition at the eco-
system level such an approach is not sufficient as
interactions at the level of PFTs may also occur. As
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far as we know, information on interactions during
plant litter decomposition at the level of PFTs is
lacking as these interactions have until now only
been studied at the species level. From these studies
it appears that these interactions are highly idio-
syncratic due to the specific properties of the spe-
cies in the mixtures (for example, Wardle and
others 2003; Ha¨ttenschwiler and others 2005; Ball
and others 2008). However, these idiosyncratic
interactions may be positive, negative, or neutral.
We hypothesize that at the PFT level positive and
negative interactions balance each other, causing
an overall additive effect (no significant interac-
tion). Thus, at the PFT level the decomposition of
PFT mixtures would equal the sum of the average
decomposition rates of the contributing PFTs. If
true, it would be sufficient to characterize the
decomposability of each PFT and estimate ecosys-
tem decomposition rate by summing the average
decomposition rate of each PFT, weighted by its
relative contribution to total litter production. We
tested our hypothesis with litter of four PFTs
(Sphagnum mosses, graminoids, forbs, and a N-fix-
ing tree) from a temperate peatland in the Neth-
erlands.
MATERIALS AND METHODS
Litter Collection
For this experiment we used litter batches that had
also been collected for a parallel experiment in
which we investigated whether the strength of lit-
ter interactions was determined by differences in
litter chemistry (Hoorens and others 2003). The
species and their chemical characteristics are listed
in Table 1. The litter collection procedures are fully
described in Hoorens and others (2003). In short,
freshly senesced leaf litter was collected from
peatlands in The Netherlands during the period of
plant senescence (September to mid December).
Litter was collected from 15 species belonging to
four PFTs. We defined the PFTs before the start of
the experiment. Our definition of these PFTs was
based upon a mix of both taxonomy and functional
attributes of living plants, similar to the grouping
into ‘plant growth forms’ by Chapin and others
(1996) for cool and cold biomes. Litter was col-
lected from a wide array of species that included
the most common representatives of the PFTs
present. The species were classified into the fol-
lowing PFTs: peat mosses, hereafter referred to as
Sphagnum mosses; graminoids (grasses and sedges);
forbs; and a nitrogen-fixer, the deciduous tree
Alnus glutinosa (Table 1). We included a N-fixing
species as the litter of these species usually is very
rich in nitrogen (Cornelissen 1996) and may as such
contribute significantly to chemical interactions
in the decomposing litter (see ‘‘Introduction’’).
Unfortunately, there was only one representative of
N-fixing species present in the peatlands that we
investigated that produced sufficient amounts of
litter for our experiment. However, given the
potential importance of this PFT, we decided to
include it. The litter of all species was collected from
peatlands at the ‘Westbroekse Zodden’ and ‘Gagel-
polder’, both situated in the central part of The
Netherlands.
Because of considerable differences between the
species, it was necessary to collect litter over a long
period of time. We used different methods depend-
ing on species and functional group. We collected
the upper 3–5 cm, including the capitula from the
Sphagnum mosses. We did realize that this material
was not true Sphagnum litter, but we used this
material because it is notoriously difficult to define
what really constitutes fresh Sphagnum litter
(Johnson and Damman 1993). Furthermore, under
natural field conditions, freshly senesced litter from
other species will decompose while in contact with
(living) Sphagnum capitula. To collect freshly
senesced litter from the graminoid species, we clip-
ped the senesced part of a leaf that was still partly
green (Craine and others 1999). Depending on
species, forb litter was either collected from the soil
surface or removed from the plant itself.
All litter (except Sphagnum) was air dried at room
temperature immediately after collection and
stored until further use. The Sphagnum material
was freeze-dried, to kill the tissues. Subsamples
from the litter of each species were retained for the
determination of air versus oven dry mass ratio.
Experimental Setup
Polyethylene litterbags (9 9 10 cm, 0.5 mm mesh)
were filled with 1 g (±0.05 g, weighed to the
nearest mg) air-dried litter, consisting of either lit-
ter from a single plant species, or a mixture in equal
proportions of litter from species belonging to 2, 3,
or 4 different PFTs. In that case, equal amounts of
litter was taken from a randomly chosen species of
each of the contributing PFTs. Three litterbags (for
three different retrieval dates) were prepared for
each species combination.
Because we studied interactions during litter
decomposition from a PFT perspective, the litter
mixtures were replicated at the PFT level. The
replicates for each PFT mixture thus consisted of
combinations of species that had been randomly
92 B. Hoorens and others
chosen from the species pool of the appropriate
PFTs. However, identical species combinations
were discarded (this occurred only twice). For each
PFT combination there were 7 replicates, so 7
random draws.
The litterbags were incubated under field condi-
tions at ‘Het Guisveld’, a peatland ecosystem near
Westzaan, ±20 km northwest of Amsterdam, The
Netherlands (5229¢N, 446¢E). The vegetation at
this site used to be dominated by Sphagnum peat
moss, but in recent years the moss Polytrichum
commune (L.) has almost entirely displaced Sphag-
num as the dominant species. This particular site
was chosen because of the similar abiotic condi-
tions to the sites where the litter was collected,
except for the explicit absence of Sphagnum. We
refrained from using Sphagnum as the incubation
environment to avoid confounding with those litter
mixtures that contained Sphagnum peat moss. So,
by choosing this peatland we prevented that the
Sphagnum species would have a ‘home advantage’
due to interactions with a similar soil substrate. The
litterbags were incubated in seven replicate blocks,
each block consisting of three plots for the three
different retrieval dates. In February the litterbags
were inserted vertically into the moss layer to such
a depth that the top of the litterbag was at surface
level. Litterbags were retrieved after 20, 36, and
56 weeks. After retrieval, the remaining litter was
cleaned, dried (48 h, 80C), and weighed.
Calculations and Statistical Analyses
To test whether the decomposability of the species
(within PFTs) corresponded with the a priori, sub-
jective PFT classification of species based on live-
plant traits, the average percentages initial weight
remaining of the PFTs were compared using anal-
ysis of variance. For this analysis, we used the
decomposition data of Hoorens and others (2003).
Next, interactions in litter mixtures were deter-
mined by first calculating the expected mass
remaining, based on the remaining mass in the
single-species litterbags of the component species
that were incubated in the same plot. This was
calculated as follows (compare Briones and Ineson
1996; McTiernan and others 1997):
Expected mass remaining
¼ M1= M1 þ . . . þ Mnð Þð Þ  R1 þ . . .þ
Mn= M1 þ . . . þ Mnð Þð Þ  Rn
where R refers to the remaining mass of a species in
the single-species litterbag and M refers to the
estimated initial litter dry mass of a species in the
mixture. The suffixes indicate which particular
species is referred to: from species 1 to species n
(the maximum number of species in that particular
mixture).
Interaction strength was calculated as: 1 -
(observed/expected mass remaining). When
Table 1. List of Species (Classified into Plant Functional Types) Used in the Experiment and Litter C, N, P,
and Total Phenolics Concentrations
C (mg g-1) N (mg g-1) P (mg g-1) Phenolics (mg g-1)
Sphagnum mosses
S. contortum 444.7 11.0 0.44 4.1
S. fimbriatum 452.9 15.6 0.82 6.0
S. palustre 458.2 16.7 0.93 4.7
S. squarrosum 457.2 11.5 0.76 5.4
S. recurvum 458.1 6.6 0.50 5.7
Graminoids
Eriophorum angustifolium 477.6 8.8 0.39 33.1
Molinia caerulea 480.0 6.6 0.16 9.9
Carex rostrata 460.2 5.7 0.31 16.6
Carex nigra 481.0 7.4 0.28 31.4
Forbs
Lysimachia thyrsiflora 468.2 8.8 0.51 18.1
Potentilla palustris 481.8 14.5 0.70 43.0
Succisa pratensis 463.2 6.2 0.46 50.0
Potentilla erecta 464.8 9.0 0.62 43.8
Cirsium dissectum 412.3 11.1 0.68 35.2
N-fixating species
Alnus glutinosa 517.0 25.2 0.72 37.8
Nomenclature follows Vander Meijden (1990) for vascular plants and Smith (1978) for Sphagnum mosses. Data are from Hoorens and others (2003).
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observed mass remaining was lower than expected
the interaction was positive and when it was higher
the interaction was negative.
We tested for each PFT mixture if the interac-
tions differed significantly from zero using t-tests.
As a result, we performed many separate t-tests.
For every one of those tests (assuming a 5% sig-
nificance level), one accepts a 5% chance of a type I
error. Thus, it is to be expected that some
(approximately one out every 20 tests) of these
individual tests will show significant differences by
chance alone. To test whether the observed num-
ber of significant t-tests was different from what
would be expected by chance, we used G-tests or
log-likelihood tests (see for example, Sokal and
Rohlff 1995). In the present set-up this would lead
to two significant t-tests by chance alone.
RESULTS
The coefficients of variation in percentage mass
remaining within the PFTs were quite different
among the PFTs, but were generally low (Table 2;
Figure 1). Especially, the variation between the
different Sphagnum mosses was particularly low,
which indicates that the Sphagnum species that we
studied formed a very homogeneous group in
terms of litter decomposability. The variation
within the graminoids was higher, but still rela-
tively low, whereas the variation within the forbs
was very high. As a result, the average litter
decomposability of Sphagnum mosses, the grami-
noids and the forbs were all significantly different
from each other (P < 0.05) (Figure 1). This figure,
furthermore, shows that there was a significant
increase in litter decomposability from Sphagnum
mosses, the graminoids to the forbs. Thus, the dis-
tinction that we made between the PFTs was
clearly reflected in the differences among the
decomposability of these PFTs. As Alnus was a PFT
containing only a single species (A. glutinosa), it
does not make sense to consider that value as
representative for the N-fixing trees and to com-
pare it to the other PFTs. The decomposition rate of
Alnus glutinosa was not different from that of the
graminoids and slower than that of the forbs.
For these peatland PFTs the interaction strengths
were in general relatively low (close to zero) and did
not change systematically with time (Table 3). Only
four significant interactions occurred in the first
litterbag retrieval (after 20 weeks), whereas none
were present after 36 and 56 weeks. However,
these four interactions were significantly more than
the two that would be expected to occur by chance
(G-test). Interestingly, all four of these mixtures
contained Sphagnum, and all interactions were
positive, that is, the presence of Sphagnum acceler-
ated the decomposition of the other PFT in the
mixtures.
DISCUSSION
Litter Mixture Interactions at the PFT
Level
To our knowledge, this is the first study that has
approached litter mixture interactions from the PFT
perspective. This is surprising, given the fact that in
natural ecosystems litter mixtures (almost) always
consist of representatives of various PFTs and that
the mixture effects at the species level are highly
idiosyncratic.
The patterns in leaf litter decomposition rates
among the various PFTs are in agreement with
those found in an earlier compilation of leaf litter
decomposition rates in temperate fens and bogs
(Aerts and others 1999). This pattern also holds
Table 2. Average Percentage Remaining Mass
(After 56 weeks) of the Different Plant Functional
Types with Their Respective Coefficients of Varia-
tion
PFT Average
percentage
mass remaining
Coefficient of
variation (%)
Sphagnum mosses 78.2 3.3
Graminoids 53.6 10.0
Forbs 23.9 61.8
Alnus glutinosa 45.6 n.a.
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Figure 1. Mean (±SD, n = 7) percentage remaining litter
mass in the monocultures of the 15 analyzed species (rank
order of species is the same as in Table 1) after 56 weeks,
grouped according to the Plant Functional Types.
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when comparing them for peatland PFTs from
various climatic zones, as Dorrepaal and others
(2005) did not find any climatic influence when
comparing the leaf litter decomposition rates of
these PFTs for sub-arctic, cool temperate, and warm
temperate sites. However, in our study site there
were no evergreen species, except for a few indi-
viduals of Erica tetralix L., so this PFT was not
included. It should be noted that in other peatlands
this PFT can be more abundant.
In agreement with our hypothesis, in almost all
replicate mixtures of species from the various PFTs
the negative values of the interactions balanced the
positive ones in other replicate mixtures, leading to
hardly any significant net mean effects at the PFT
level. The four significant interactions at the PFT
level that occurred were only short-lived (20 weeks)
and all contained Sphagnum (for a further discussion
of that see ‘‘Positive PFT Interactions in the Presence
of Sphagnum’’ section). In general, the mean inter-
action strength did not deviate much from zero and
in most cases the standard deviations were larger
than the means. The most likely explanation for this
pattern is that litter mixture interactions are driven
by the composition of the litter mixture, that is, the
specific effect that a species has on its ‘neighbor’, that
is, by species identity (Ha¨ttenschwiler and others
2005; Ball and others 2008). As a result, these
interactions are highly idiosyncratic. Thus, when
random draws are taken from PFTs as was done in
the present study and the PFTs are then mixed, the
resulting interactions are most likely also random
draws from positive, neutral, and negative effects
and this will lead to an average ‘no effect’, but with a
relatively large standard deviation.
This absence of significant interactions at the PFT
level has important implications for our estimates
of overall decomposition rates in ecosystems,
where the litters of very many species are mixed. In
a way, the composition of those mixtures can be
considered as the result of random draws from
various PFTs. Our data strongly suggest that it is
sufficient for an estimate of ecosystem litter
decomposition rate to add the average decomposi-
tion rates of the contributing PFTs and weight them
by their contribution to total litter production.
Thus, interactions do not need to be included in the
estimate. This would be an important simplification
for estimates of ecosystem decomposition rates that
are used in carbon balance modules in DGVMs
(Sitch and others 2003; Krinner and others 2005).
However, the accuracy of the overall decomposi-
tion rate is also determined by correct classification
of the PFTs and by the coefficient of variation of
litter decomposability in each PFT. In this peatland
ecosystem the PFTs were all (except Alnus) signifi-
cantly different from each other in terms of litter
decomposability. This implies that the grouping
based on litter decomposability corresponded well
with our initial classification on the basis of live-
plant traits (that is, plant life-forms). Additionally,
two of the PFTs, namely Sphagnum and the grami-
noids, had little internal variation in terms of litter
decomposability, which at least partly contributed
to the average litter decomposability being signifi-
cantly different among PFTs. Our results thus sug-
gest that the a priori PFT classification (based on
plant growth forms) for litter decomposability gave
a clear-cut distinction among the four distinguished
PFTs in the peatland ecosystem and that the mean
Table 3. Mean Interaction Strength Values (±SD, n = 7) in the Peatland Litter Mixtures After 20, 36, and 56
Weeks
PFT mixture 20 weeks 36 weeks 56 weeks
Mean SD Mean SD Mean SD
1 + 2 0.05 0.07 0.03 0.04 0.04 0.13
1 + 3 0.05 0.05 -0.02 0.08 0.01 0.08
1 + 4 -0.01 0.06 0.01 0.08 -0.03 0.08
2 + 3 0.00 0.10 -0.06 0.08 -0.12 0.22
2 + 4 0.04 0.06 -0.03 0.12 -0.04 0.18
3 + 4 0.01 0.10 0.06 0.18 0.03 0.29
1 + 2 + 3 0.07 0.07 0.00 0.06 0.02 0.11
1 + 2 + 4 0.04 0.04 0.05 0.09 -0.11 0.13
2 + 3 + 4 0.00 0.08 0.02 0.15 0.03 0.16
1 + 3 + 4 0.08 0.06 0.02 0.06 -0.05 0.07
1 + 2 + 3 + 4 0.04 0.09 -0.01 0.10 0.04 0.08
Interactions in bold are significantly different from zero (P < 0.05). Mixtures contained randomly chosen species (see Table 1) from the following Plant Functional Types
1 = Sphagnum mosses; 2 = Graminoids; 3 = Forbs; 4 = Alnus glutinosa.
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values were good indicators of PFT decomposabil-
ity.
It should be noted, however, that there is not
always a clear-cut distinction in decomposability
among PFTs. Although several studies found that
differences in litter decomposability corresponded
well with an a priori distinction of PFTs based on
traits of live plants, the overlap among PFTs was
considerable and the decomposability of adjacent
PFTs was not significantly different (for example
Cornelissen 1996; Pere´z-Harguindeguy and others
2000; Quested and others 2003; Dorrepaal and
others 2005). However, the low decomposability of
peat mosses compared to vascular PFTs is a general
phenomenon (Aerts and others 1999; Dorrepaal
and others 2005). Nevertheless, the low variability
that we found for the Sphagnum mosses is not
necessarily a general phenomenon. Our study site
is a fen, without the occurrence of the Sphagnum
mosses that are characteristic for bogs with hum-
mocks and hollows. These species are known to
vary much more in decomposition rates (compare
Johnson and Damman 1993; Aerts and others1999;
Turetsky and others 2008). Inclusion of these spe-
cies would have led to much more variability in
decomposition rates, but still the decomposition of
the Sphagnum mosses would have been lower than
that of the other PFTs (compare Aerts and others
1999).
Positive PFT Interactions in the Presence
of Sphagnum
The significant interactions that occurred in the
first litterbag retrieval (after 20 weeks) occurred in
PFT mixtures containing Sphagnum, and were
positive. This is surprising, not only because
Sphagnum decomposed slowest in single-species
litterbags, but also because Sphagnum has tradi-
tionally been thought to have a negative effect on
decomposition of co-occurring species (for exam-
ple, van Breemen 1995; Verhoeven and Toth
1995).
Actually, we have found positive interactions in
litter mixtures containing Sphagnum before (Hoo-
rens and others 2002). Several explanations have
been offered to explain such positive interactions.
First, it has been suggested that the water-retaining
properties (the so-called ‘sponge effect’) of Sphag-
num material maintain a more constant favorable
micro-climate (that is, moist) for litter decomposi-
tion (Hoorens and others 2002; Wardle and others
2003). In other words, the presence of Sphagnum
material may prevent the temporary desiccation of
litter that might otherwise occur between rainfall
events. Such effects on the micro-environment,
notably on moisture availability have been pro-
posed for other ecosystems as well (Hector and
others 2000; Hoorens and others 2003; Schimel and
Ha¨ttenschwiler 2007). However, this does not
necessarily hold for all Sphagnum mosses. It is most
manifest for Sphagnum mosses that are most
abundant in hummocks. These species maintain a
high water holding capacity through various
structural and morphological characteristics, such
as dense capitula, spreading and hanging branches,
and hyaline cells that store water (Rydin and
McDonald 1985). The Sphagnum mosses of the
present study all possess these properties.
Second, it has been proposed that, due to the
absence of true lignin, Sphagnum cell walls are rel-
atively weak and easily start leaking decomposable
cell contents in the early phases of the decomposi-
tion process (Verhoeven and others 1990). These
easily decomposable cell contents might help the
decomposition of other litter in a mixture. As this
leaching of cell contents mainly occurs in the earlier
phases of decomposition (Cadisch and Giller 1997),
this might also explain the short-lived nature of the
positive interaction in Sphagnum-containing litter
mixtures.
Another explanation for the short-lived positive
effects of Sphagnum might be found in the incuba-
tion environment. The litterbags were incubated in
the field in a moss layer dominated by Polytrichum
commune. This moss species can grow more than
10 cm per year. This implies that the litterbags were
soon no longer at or near the surface, but deeper
down the ‘soil’ profile. This would make them less
susceptible to the effects of variations in moisture
availability as deeper in the soil profile the micro-
climate is more constant, thus making the sponge
effect no longer relevant.
Implications for Ecosystem Processes
Litter decomposition is a crucial process for the
carbon balance of peatlands as their carbon accu-
mulation rate is more determined by low decom-
position rates of plant litter and soil organic matter
(SOM) than by high primary production (Robinson
2002; Turetsky and others 2008; Vitt and others
2009). The low decomposability of Sphagnum
mosses is of paramount importance (Aerts and
others 1999; Turetsky 2003; Vasander and Kett-
unen 2006). Our study confirms that Sphagnum
litter has the lowest decomposability and further
we show that for this peatland there were hardly
any significant litter mixture interactions and in
the few cases observed, all involved Sphagnum
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mosses. This implies that at the PFT level, litter
mixture interactions are additive.
This has important implications for the carbon
balance modules in DGVMs as for estimating litter
decomposition rates at the ecosystem level, it is
sufficient to add the average decomposition rates of
the contributing PFTs, weighted by their contribu-
tion to total litter production. These average
decomposition rates of various PFTs are becoming
more readily available as many studies provide data
on this (for example, Cornelissen 1996; Aerts and
others 1999; Quested and others 2003; Dorrepaal
and others 2005; Cornwell and others 2008).
It should be realized that in the present study we
included leaf litter only. Thus, we did not consider
other important plant parts such as woody stems,
roots, and rhizomes. To make a proper assessment
of decomposition processes in peatlands, these
organs should be studied as well as they may pro-
vide a major contribution to the peat accumulation
process (compare Scheffer and Aerts 2000; Turetsky
2003; Vitt and others 2009). However, the main
topic of the present study was to see if litter mixture
interactions occur at the level of PFTs and for leaf
litter this was not the case. Nevertheless, one of the
next steps is to study whether interactions occur
when other litter types than leaves are mixed. In
addition to that, further tests are needed for longer
incubation periods, other ecosystems and other
climatic zones to show the robustness of the
assumption that litter mixture interactions at the
PFT level are additive.
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